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Abstract 
The increase in the worldwide demand for clean water and energy makes it imperative to improve the supply and use efficiency for 
contributing to a sustainable future. The link between energy and water supply increases with the cost of delivery causes shortages of energy 
and water. This paper reviews the trends in the global flows of energy and water supply, identifies the inherent limitations and analysis the 
concept of virtual water. In the globalised world, the greenhouse gas emission and water consumption are increasingly important indicators for 
policy and decision making. Development of footprint assessment techniques over the last decade has provided a set of tools for monitoring 
greenhouse gases (GHG) emissions including CO2, NH4 and NOX, and water flows in the world. An overview of the virtual GHG and virtual 
water flow trends in the international trade based on consumption perspective is performed. Review of the recent works indicates that: (i) They 
are significant CO2 and the other GHG gaps between producer’s and consumer’s emissions, and the US and EU have high absolute net imports 
GHG budget. (ii) South East Asia exporting countries increasingly carries a load of CO2 emission and virtual water export that are triggered 
due to consumption in other importing countries. (iii) By imported products that are produced with lower carbon emission intensity and less 
water consumption than in the domestic industry, international trade can reduce global environmental pressure.  
They are considerable implications for industry, service, agriculture and the civic sector. An escalation of the efforts has been witnessed 
recently in different parts of the world: very notably in the EU, America and South East Asia. The developments have addressed the worldwide 
need for resource security. Conclusions are drawn for the directions of promising future research, development, and societal activities. 
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1. Introduction 
Process engineering has been dealing with numerous and rather complicated issues. A typical process plant usually comprises 
a sophisticated system of numerous processing unit operations interconnected with each other and supplied with utilities for 
heating and cooling – see an example in Fig. 1 [1]. To design and optimise this complicated system has been a task for, which a 
system engineering has been developed. Traditionally the main focus was on the quantity and quality of the production stressing 
strongly the economy. 
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Fig. 1. An example of Complex Plant Configuration [1] 
With the development of the processing industry the important connection issues had been stressed and studied by Process 
Engineering. From many just to mention a few: safety [2], reliability, availability and maintenance [3]. After the period of the 
quantitative growth the issue of the quality of life and related environmental impacts has become one of the crucial issues [4]. 
They have been related to emissions to the ambient (locally and globally), effluents and solid waste [5].  
 
  
Fig 2. Emission to the ambient – their development from 1980 [6] 
Form those emissions a growing attention world-wide has been paid to carbon emissions (Fig 2). However, they constitute 
only about two thirds of the overall greenhouse gasses (GHG), which should be considered as they all contribute to the danger of 
global warming [6]. A key indicator is the NOAA Annual Greenhouse Gas Index (AGGI) [7].  
 
 
Fig. 3. NOAA AGGI trend [7] 
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It provides a measurement of the commitment that society has already made to living in a changing climate. It is based on the 
highest quality atmospheric observations from sites around the world. According to the NOAA evaluation, its uncertainty is very 
low. As can be seen in Fig.3, from 2013 to 2014 the index has increased another 1.6 % relative to 1990 levels, a rate that has 
been sustained for many years [7]. Key information can be obtained by analysing the breakdown of the GHG emissions by world 
regions (Fig 4). The majority of emissions come from three regions: Asia, Europe, and the United States. The CO2 emissions are 
increasing faster in some parts of the world than in others. Specifically, the emission growth rate in Asia, is due mainly to the 
industrial growth in China as well as in India. It can be observed that the emission growth per capita in these countries is 
disproportionately higher than in other parts of the World [9], and these are the regions where much of the current goods 
production takes place. 
CO
2
em
iss
io
ns
 10
9
t
 
Fig 4. GHG Emissions by Regions [9] 
2. LCA and Environmental Footprints 
An important issue is to consider release of GHG over the whole Life Cycle from “the cradle to the grave” or better as it is 
most recent approach “from cradle to the cradle” considering full life cycle with reusing and recycling the materials [8]. This has 
been considerably extending the task of process engineering outside the plant boundary to Total Sites [10] and Locally Integrated 
Energy Systems (LIES) [11]. An important step forward has been introduction and development of environmental footprints (Fig 
5) enabling the quantification [12]. More than a hundred of them have been introduced, not only dealing with the technological 
issues, but also managerial, financial, health and societal [13]. From those are considered as of a key importance for the process 
engineering are GHG (including CO2), Nitrogen and water footprints. 
 
Fig 5 Environmental Footprints [13] 
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Fig. 6. Virtual Carbon Emissions Flows in the International Trade [15] - based on a number of sources ([16],[17],[18]) 
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3. Global features of GHG Emissions and the impact of the international trade 
GHG emissions growth is typically reported on a regional basis not accounting for the international trade. As a consequence, 
the reported figures can markedly differ from the global emissions required to produce the products consumed in a region. The 
products consumed in many countries increasingly rely on coal, oil and gas extracted and burned in other countries where GHG 
emissions are not so tightly regulated (Fig. 6). Analysing CO2 emissions embodied in international trade to estimate the so-called 
“consumption-based” emissions has been an actively researched topic in the last decade. Various studies have shown that the 
emissions embodied in a country's international trade measured have been increasing over time [13]. 
A similar situation has also been developing in water and fresh water supply [14], where several countries heavily rely on 
water resources elsewhere (Fig. 7). This has significant impacts on water consumption and pollution in the other parts of the 
world. This paper overviews recent trends in flows of carbon and water footprints due to international trade. Based on this the 
conclusions could be drawn that possible efforts should be made to for minimise the carbon emission and water consumption in 
the globalised trade. 
1
2
3
8
7
9
5
10
20
47
26
37
17
21
21
13
54
32
4
6
23
9
1. China to US 2. China to EU 3. China to Japan 5. Southeast Asia to China                   
6. Southeast Asian to US
4. Southeast Asia to EU
8. US to EU 9. China to Southeast Asia7. Canada to US 10. EU to US  
Fig. 7. Virtual Water Consumption in the International Trade [15] - based on data from [19] 
4. Case of Malaysia 
One of the main directions for efforts addressing the GHG emission issue is the commitment to generate fuels from renewable 
sources [20]. Let us at least shortly analyse the case of Malaysia. The country is a net exporter and it means that is also exporting 
virtual GHG emissions. The major export in financial value is electronic and electrical appliances about 33 % followed by 
petroleum products 9 % and LNG 8 %. Palm Oil takes about 6 %. Import is again mainly electronic and electrical appliances 
about 28 %, electronic 12 % and chemical and chemical products 9 %. Palm oil has very low emissions as a fuel 38 t CO2/MJ of 
energy, compared with coal 112 CO2/MJ and 62 CO2/MJ natural gas. Beside this is palm oil is a renewable source and most of 
this CO2 is captured by grooving the palm trees. However, the full LCA GHG footprint has to be considered – see Tab 1. 
Table 1: Virtual CO2 Emissions in Palm Oil Production in Malaysia  
Stages CO2 emissions (kg CO2/t) Reference 
Fossil fuel use transport & machinery 45 to 125 RSPO, 2009 
Fertiliser use 250 to 470 RSPO, 2009 
Palm oil refinery 156 to 242 RFA, 2008 
Transport (average 17,300 km) 106 RSPO, 2009 
POME(Emissions from Palm Oil Mill Effluence) 625 to 1467 RSPO, 2009 
 
Virtual CO2 Emissions from Palm Oil Export were in 2014 as follows: the palm oil for export of Malaysia is RM 46.95∙109. 
The total amount for export was 20,300 t, which is estimated based price of 2,311 RM/t [21]. Based the life cycle analysis of 
biodiesel production from palm oil [22], one palm oil produced emit around 1.5 t CO2. The virtual CO2 Emissions from palm oil 
export from Malaysia is 30 M t CO2. It means that Malaysia saved the importing countries very substantial emissions, which 
would be needed to be released at their territory. This represents a good contribution to GHG emissions reductions.  
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5.  Case of China and India 
Two large and growing economies involved in GHG emissions and also global export and import are China and India. Fig. 8 
shows total and per capita emissions, where China is largest CO2 emitter absolutely, however not per capita. Similar is the 
position of India. This can change with the further economic boom, however the major challenge not only for those huge 
developing economies, but the world as a global environmentally interconnect place is the increase of the industrial, service, civic 
Sectors and agriculture efficiency. The contribution of process engineering in this process is very much desirable – more 
efficiency, mitigation and new technologies development are just few of tools strongly needed. 
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Fig 8 Total and per Capita Emission [23] 
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Fig 9 Clean Energy Trade [23] 
Beside the global trade, the picture becomes even more striking when the clean energy trade (export – import) is considered 
Fig 9. China has been also leader in the direct renewable energy production (see Fig 10) as well as in renewable energy hardware 
producer, boosting the positive virtual GHG trade results. Based on the balances and the trend in renewable energy and hardware 
production, it can be inferred that it is key to consider the emissions allocated to the final users of the related products and 
services, while the currently wide spread analysis of the emission and footprint data in relation to the location of their release to 
the environment can be misleading. 
 
Fig 10 Renewable Energy installed capacity [23] 
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6. Conclusions and Future Research 
The virtual GHG emissions and water consumption in the national and international trade are an important factor influencing 
the global environment sustainability. The process engineering can considerably influenced the quantity as well as allocation of 
the sources and sinks of GHG. This short overview was targeted on virtual GHG emissions and virtual water footprints 
indifferent parts of the world and the influence of the trade. Virtual GHG emissions in trade constitute a large and growing share 
of global emissions. There is a considerable gap of virtual GHR emissions and virtual water consumption in producing and 
consuming countries. China, India, Russian Federation, Brazil and also Malaysia have been net virtual carbon exporters, while 
the developed countries including the US, Japan, and Europe Union countries are net virtual carbon importers. Agriculture goods 
are requiring very high virtual water consumption and low embodied GHG emissions, while industrial products are responsible 
for higher embodied GHG emissions in the trade. International trade affects the GHG and water footprints transfer globally based 
on the goods international delivered. Global trade can backed up by strong and efficient process engineering can reduce global 
environmental pressure when the imported products are produced with lower GHG emission intensity and less water 
consumption than in the domestic industry. To develop self-sufficient regions based on more efficient processes by combining 
neighbouring countries can be a promising development. The global status of virtual GHG and water distribution pattern should 
be also considered to support policy making process with a target to develop the participation mechanism and market share of 
virtual carbon and virtual water amongst international trading partners. An important feature to minimize the footprints can offer 
a technology transfer – to improve the efficiency of energy and water in main producing and exporting countries. 
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